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Methods 

All  analyses  for  minerals  were  by  spectrograph,  nitrogen  by  the  usual 
A.  O.  A.  C.  procedure.  Preparation  of  samples  was  made  in  a  Waring  Blender, 
adding  an  equal  weight  of  water  before  blending,  then  frozen  and  held  until 
analyzed.  Comparison  of  mineral  ratios  was  made  in  the  beginning  on  a  wet- 
weight  basis  which  was  changed  to  a  dry- weight  calculation  as  the  work  proceeded. 

All  examination  of  fruit  was  made  by  cutting,  after  the  fruit  had  been  held 
for  a  month  or  more  in  storage.  In  1955,  all  except  a  few  samples  were  kept  in 
common  storage  until  they  were  removed  and  cut  open.  Unless  otherwise  men- 
tioned the  varieties  considered  were  either  Baldwin  or  Spy. 
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Introduction 

The  Baldwin  apple  has  been  known 
in  New  England  for  a  generation  or 
more  as  a  top-notch  dessert  apple.  It  is 
high  in  vitamin  C  and  total  solids,  and 
has  an  excellent  flavor.  Together  with 
the  Spy,  also  a  variety  susceptible  to 
Baldwin  spot,  it  is  highly  prized  both 
for  eating  and  cooking.  It  is  apparent, 
however,  from  a  study  of  recent  market- 
ing trends  that  both  these  varieties  are 
being  replaced  by  others  less  susceptible. 

Various  scientists  have  attempted  to 
explain  the  cause  or  causes  of  Baldwin 
spot  (also  known  as  stippin  or  bitter 
pit) .  Until  recently  the  accepted  cause 
appeared  to  be  desiccation  (of  the 
spots)  from  varying  osmotic  pressures 
or  fluctuating  water  supplies.  Reports 
(3,  4,  8  and  others)  indicate  that  Bald- 
win spot  can  be  increased  by: 

1.  Ringing  the  branches. 

2.  Heavy  nitrogen  fertilization. 

3.  Heavy  pruning. 

4.  Irrigation  with  added  magnesium 
sulfate  (Epsom  salt). 

It  can  be  reduced  by: 

1.  Stripping  off  the  leaves    (prob- 
ably midseason). 

2.  Care  in  choosing  the  correct  pick- 
ing date. 

3.  Choosing  the  variety. 

All  of  these  facts  are  useful,  but  they 
do  not  tell  us  why  Baldwin  spot  is  worse 
in   some  varieties    than   others    (page 


10),  apparently  unknown  in  some,  or 
why  the  spots  turn  brown  deep  in  the 
flesh  where  desiccation  (after  picking) 
could  be  expected  to  be  much  less  than 
at  the  surface.  The  spots  themselves 
have  been  described  in  Australia  as 
bitter,  but  this  is  not  true  for  Connecti- 
cut or  the  Northwest  (Rose  et  al.  31) 
Because  of  the  puzzling  nature  of  the 
trouble,  as  well  as  the  high  quality  of 
the  varieties  involved,  work  reported 
herein  was  started  to  learn  as  much  as 
possible  about  it. 

Review  of  Previous  Investigations 

The  most  extensive  investigation  of 
the  trouble  is  that  of  Smock  (34)  in  his 
bulletin  on  Studies  of  Bitter  Pit  of  the 
Apple  published  in  1941.  In  discussing 
osmotic  pressure  (theoretical  consider- 
ations no.  8,  p.  42)  he  says: 

"As  has  been  stated,  a  question 
logically  arises  as  to  whether  these 
osmotic  phenomena  which  have 
been  described  actually  have  some- 
thing to  do  with  the  causing  of 
bitter  pit  or  merely  accompany  its 
appearance.  The  evidence  is  more 
or  less  circumstantial.  The  increase 
in  pitting  caused  by  fruit-stem 
girdling,  however,  would  seem  to 
bear  out  the  thesis  that  pitting  may 
be  increased  by  any  treatment 
which  increases  the  leaf-fruit  com- 
petition for  water." 
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As  will  be  shown  later,  competition 
for  water  between  leaves  and  fruit  evi- 
dently involves  differential  selection  of 
solutes  or  chemicals  dissolved  in  the  sap. 
Therefore,  while  osmotic  differential  is 
of  greatest  importance,  mineral  nutri- 
tion plays  a  part  in  influencing  the  os- 
motic phenomena  observed,  as  well  as 
a  possible  role  in  the  toxicology  of  the 
spots.  Crafts,  Currier,  and  Stocking 
(13)  state  that  "evaporation  follows 
definite  physical  laws  and  is  affected  by 
osmotic  concentration  of  the  solution — 
mineral  nutrients  may  affect  transpira- 
tion through  their  osmotic  effects  upon 
the  DPD  (diffusion  pressure  deficit)  of 
the  soil  solution  their  tendency  to  in- 
crease the  concentration  within  plant 
cells"  etc. 

Authors  in  two  widely  separated 
countries  (2,  3)  have  emphasized  the 
importance  of  mineral  ratios  such  as 
potassium,  calcium,  and  magnesium  in 
plant  nutrition.  Statements  of  others 
not  concerned  with  Baldwin  spot  make 
it  apparent,  furthermore,  that  excesses 
of  either  magnesium  or  calcium  in  plant 
tissue  might  produce  lesions.  In  Japan, 
(2)  the  nutrient  ratio  thought  to  give 
best  results  is  3  parts  lime  to  1  of  mag- 
nesium. Leaf  spotting  and  early  fruit 
drop  of  certain  plants  occur  with  a 
magnesium  deficiency  and  sometimes 
severe  spray  burn  may  be  associated  with 
that  condition.  On  the  other  hand,  small 
overdoses  of  magnesium  have  some- 
times caused  severe  leaf  injury  and  one 
experimenter  was  able  to  produce  symp- 
toms very  similar  to  Baldwin  spot  by 
adding  Epsom  salts  to  irrigation  water 
(Rose  etal.  31). 

In  more  recent  publications  workers 
seem  to  question  the  lime/magnesium 
theory  while  others  stress  the  import- 
ance of  potassium/magnesium  levels.  It 
is  of  course  well  known  that  magnesium 
is  needed  in  chlorophyll  formation  and 
as  such  is  indispensable.  However, 
Wallace  (35)  states:  "Two  groups  of 
cases  are  distinguishable  when  MgO  is 
deficient,  the  first  when  CaO  is  also  low 
and  the  second  when  it  is  high."  It  is 


assumed  here  that  a  balance  would  be 
desirable. 

In  leaves,  the  deficiency  limit  for  cal- 
cium is  said  to  be  around  0.7  per  cent; 
for  magnesium  about  0.3  per  cent, 
which  would  possibly  mean  a  ratio  of 
about  2  calcium  to  1  of  magnesium.  For 
fruit  apparently  not  much  is  known  of 
deficiency  limits,  though  it  is  probably 
much  lower  than  for  leaves.  For  shoot 
wood  and  bark,  deficiency  limits  for 
magnesium  are  said  to  be  (Goodal  and 
Gregory  (20)  from  Wallace)  0.04  to 
0.08  per  cent,  approximately  one-eighth 
that  of  leaves  at  the  higher  level.  Boyn- 
ton  and  Compton  (6)  reported  that 
both  calcium  and  magnesium  increase 
in  leaves  with  nitrogen  fertilization. 
Our  figures  confirm  this.  However,  the 
comparative  rates  are  perhaps  more  im- 
portant than  just  the  increase,  and  the 
differential  decline  in  late  season  should 
be  kept  in  mind. 

Mulder  (28)  has  discussed  at  length 
the  causes  of  bitter  pit  and  gives  a  dia- 
gram of  the  various  contributing  factors. 

He  concludes  that: 

"Bitter  pit  in  apples  cannot  be  at- 
tributed to  one  single  factor  of 
nutrition  or  to  cultural  or  weather 
conditions,  there  are  several  causes 
and  occasions  in  different  rates  con- 
tributing to  the  formation  of  bitter 

pit.- 

He  states  further  : 

"The  control  of  bitter  pit  is  a  mat- 
ter requiring  the  attention  of  the 
grower  all  the  year  round,  as  every 
measure  of  culture  has  some  effect 
on  bitter  pit.  This  applies  to  causes 
of  bitter  pit  such  as:  excess  of  ni- 
trogen, relative  shortage  of  phos- 
phates due  to  magnesium  deficien- 
cy, unfavorable  ratios  of  foliage  to 
fruits  resulting  from  a  relatively 
small  number  of  fruits  ..." 

He  also  directs  attention  to  magnesi- 
um deficiency  as  a  factor. 

More  recently,  the  Dutch  authors 
have   attributed   stippin    (or   Baldwin 
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spot  or  bitter  pit)  to  an  unbalanced 
potassium-magnesium  ratio.  Thus  with 
a  K/Mg  ratio  of  20-30  to  1  no  Baldwin 
spot  occurred,  but  with  a  level  of  4  or 
5  to  1  there  was  an  increase  (32) .  What 
may  possibly  be  involved  here  is  a  low 
level  of  calcium  accompanying  the  low 
potassium  level. 

Before  attempting  to  analyze  or  diag- 
nose the  trouble  as  it  appears  in  Con- 
necticut, it  might  be  well  to  add  some 
observations  dealing  with  apple  nutri- 
tion alone.  Gourley  and  Howlett  ob- 
served (21  p.  159)  that  calcium  is  a 
"component  part  of  plant  structure,  in- 
fluences translocation  of  carbohydrates, 
influences  absorption  of  other  ions  and 
reduces  the  toxic  effect  of  other  elements 
and  organic  acids."  Horsfall  states  that 
calcium  and  magnesium  are  apparently 
antagonistic  in  fungicides  and  each  may 
counteract  the  injury  produced  by  the 
other  (21,  p.  184). 

Some  authors  have  indicated  that 
high  potassium  may  produce  an  apple 
of  unsatisfactory  keeping  quality  and, 
of  course,  the  effect  of  boron  deficiency 
is  well  known  in  causing  internal  cork 
in  Cortland  and  other  varieties.  In  this 
connection  the  observed  correlation  be- 
tween high  K  and  low  B  should  be  kept 
in  mind  (Table  16) .  The  general  effects 
of  nitrogen  excess  are  equally  well 
known;  i.  e.  the  production  of  quantities 
of  leaves  and  frequently  a  soft  apple  of 
poor  keeping  quality.  Hopkins  and 
Gourley  observed  (23)  that  calcium  in 
the  ash  of  the  apple  declined  faster  than 
phosphorus  or  potassium.  It  is  also  ap- 
parent from  the  work  of  Rogers  and 
Batjer  (29)  that  calcium  declines  faster 
than  magnesium  in  the  Delicious  and 
Winesap.  These  observations  check  with 
ours  in  Connecticut  for  Baldwin  and 
Mcintosh. 

We  have  mentioned  the  subject  of 
mineral  balances,  but  the  critical  ques- 
tion is  which  element  or  elements  in  the 
ratios  may  be  more  important.  Various 
ratios  are  compared  in  Table  3  and  com- 
parisons offered  between  Baldwin  and 
Mcintosh.  Table  2  gives  the  percentage 


ratios  of  Mg,  Ca,  and  P  based  onK  = 
100  per  cent. 

In  the  article  by  Rogers  and  Batjer 
(29)  it  is  apparent  from  their  Figure  5 
that  calcium  is  in  excess  of  magnesium 
in  the  Delicious  and  Winesap  apples  of 
the  Wenatchee  Valley.  We  .can  find  no 
reference  to  Baldwin  spot  or  stippin  in 
the  Winesap  variety  although  Delicious 
in  Connecticut,  with  heavy  ground  fer- 
tilization and  an  excess  of  magnesium 
over  calcium  at  harvest,  had  a  small  per 
cent  of  Baldwin  spot  in  1954  (Table 
11).  Possibly  a  better  balance  between 
calcium  and  magnesium  occurs  in  the 
western  areas  than  is  found  in  Connecti- 
cut. 

Preliminary  Studies  of  Ratios 

Preliminary  analyses  of  Baldwin  spot, 
normal  and  healthy  tissues  are  shown 
in  Table  1.  It  was  noted  here  that  a  con- 
siderable excess  of  magnesium  existed 
in  the  spots  and  that  the  ratio  of  Mg/ 
Ca  in  diseased  tissues  was  very  high  as 
compared  with  normal.  From  Table  3, 
it  will  be  seen  that  Baldwin  spot  could 
be  correlated  with  ( 1 )  the  K/Ca  ratio, 
(2)  the  Mg/Ca  ratio,  or  (3)  the  K/Mg 
ratio.  If  we  consider  the  fact  that  excess 
magnesium  was  found  in  affected  spots 
and  that  calcium  antidotes  magnesium; 
also,  if  calcium  decreases  faster  than 
magnesium  or  phosphorus  (Tables  5, 
6)  the  Mg/Ca  ratio  would  assume  con- 
siderable importance.  Examination  of 
the  ratios  given  in  Table  3  indicate  that 
K/Mg  and  Mg/Ca  show  the  greatest 
differences  between  healthy  and  dis- 
eased fruit.  However  from  Table  4,  the 
K+Mg+P/Ca  ratio  appears  fully  as 
important  as  the  Mg/Ca  ratio,  indicat- 
ing a  needed  balance  of  all  these  ele- 
ments. 

From  this  discussion,  considered 
from  several  angles,  taking  into  account 
the  rapid  decline  of  calcium  percentage- 
wise compared  with  other  elements,  it 
appears  as  though  some  varieties  of 
Connecticut  fruit  are  not  getting  enough 
of  that  important  element  (see  Varietal 
Influence,  p.   10). 
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Table.    1.      Results   of  chemical   analyses  of  apples,    1950,   (averages  of  five  analyses  in  each 

case,  dry  weight) 


Area  and 

time  of  analysis 

K 

Mg 

Ca 

P 

B 

% 

% 

% 

% 

p.  p.  m. 

From  spots 

March 

1.16 

.13 

— 

.09 

18.0 

December 

1.32 

.28 

.072 

.12 

38.0 

From  good 

March 

.55 

.015 

— 

.054 

12.5 

portions 

December 

.71 

.031 

.070 

.065 

21.0 

From  apples 

March 

.62 

.020 

— 

.053 

10.5 

without  spot 

December 

.66 

.034 

.083 

.055 

16.7 

It  should  be  remarked,  however,  that 
the  K  levels  in  these  analyses  are  fairly 
high  according  to  Dutch  standards, 
though  not  high  enough  to  tell  whether 
the  ratio,  as  such,  has  any  influence  on 
Baldwin  spot. 

Table  2.      Amounts  of  Mg,  Ca,  and  P  per  100 

parts   of   potassium    in   Baldwin   and  Mcintosh 

apples 


In  Mcintosh  fruit,  calcium  declined 
considerably  from  June  15  to  August 
14.  At  the  same  time  leaf  analysis 
showed  an  increase  in  calcium  from  .844 
to  1.03  per  cent.  Similar  figures  were 
obtained  from  Stark  comparing  analy- 
ses of  August  17  and  October  1  (Table 
8). 

It  would  appear  from  Table  4  that 
the  ratios  Mg/Ca  and  K  +  Mg  +  P/Ca 
are  more  important  than  K/Mg.  This 
together  with  the  comparative  ratios  of 
amounts  in  leaves  and  fruit  (Table  6) 
seem  to  point,  as  mentioned  above,  to 
calcium  as  the  critical  element.  On  the 
other  hand,  if  we  calculate  the  K  +  Mg/ 
Ca  ratio,  the  results  are  essentially  the 
same  as  when  phosphorus  is  included. 

Table  3.      Ratio  of  minerals  in  whole  Baldwin  and  Mcintosh  apples 

Baldwin 


Variety 

K 

Mg 

Ca          P 

100 

Per  cent 

of  potassium 

Baldwin,  no  spot 

4.4 

9.9       9.2 

100 

5.2 

12.6       8.3 

Baldwin,  with 

Baldwin  spot 

100 

21.2 

5.4       9.1 

Mcintosh 

100 

6.8 

6.2     12.9 

Mcintosh 


Kto  P 


K  to  Mg 


K  to  Ca 


KtoB 


Mg  to  Ca 


with  Baldwin  spot 
no  Baldwin  spot 

with  Baldwin  spot 
no  Baldwin  spot 

with  Baldwin  spot 
no  Baldwin  spot 

with  Baldwin  spot 
no  Baldwin  spot 

with  Baldwin  spot 
no  Baldwin  spot 


p. 

p.  m. 

13 

to 

1 

8 

to 

1 

12 

to 

1 

4 

to 

1 

24 

to 

1 

55 

to 

1 

19 

to 

1 

8 

to 

1 

10 

to 

1 

545 

to 

1 

492 

to 

1 

4 

to 

1 

1 

to 

1 

p.  p.  m. 


7.7  to  1 


11  to  1 


15  to  1 

16  to  1 

412  to  1 

352  to  1 


1.1  to  1 
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Table  4.      Various  mineral  ratios  in  the  whole  fruit  in  connection  with  Baldwin  spot 


Orchard  and 
variety 

K+Mg+P 
Ca 

Mg 
Ca 

K 

Mg 

Ba 
Shallow 

ldwin 

spot 
Deep 

% 

% 

Burton  (Baldwin) 

47.7 

2.17 

20.2 

38.2 

18.4 

Barnes    (Stark) 

32.2 

1.49 

21.4 

17.6 

4.9 

Lyman    (Baldwin) 

23.7 

1.25 

21.7 

12.5 

2.4 

Table  5.      Change  of  several  mineral  elements 
in   Baldwin   fruit  at  harvest   (October   5)   com- 
pared with  August   1  5 


Mineral 


Change 


Boron 

Potassium 

Phosphorus 

Copper 

Magnesium 

Manganese 

Calcium 

Iron 


13%  increase 

none 

6%  decline 

8%  decline 

19%  decline 

26%  decline 

31%  decline 

66%  decline 


Seasonal  Changes  in  Mineral 
Levels 

A  bit  of  additional  evidence  is  pre- 
sented in  Tables  5  and  6.  Table  5  gives 
harvest  percentages  of  several  mineral 
elements  as  compared  with  levels  found 
in  August.  Table  6  gives  the  ratio  of 
parts  per  million  between  leaves  and 
fruit. 

From  Table  5  it  is  obvious  that  not  all 
minerals  in  the  Baldwin  apple  are  be- 
having the  same  way.  If  we  calculate 
typical  ratios  leaf  to  fruit  (Table  6)  it 
is  further  evident  that  there  are  great 
differences  here  also.  It  is  interesting  to 
note  at  this  point  the  high  level  of  cop- 
per in  the  fruit  as  compared  with  leaves. 


It  is  also  apparent  that  calcium  is  low 
in  the  fruit  as  compared  with  the  leaves 
and  is  declining  in  the  fruit  at  a  rapid 
rate.  Iron,  in  regard  to  amounts  in  leaves 
versus  fruit  or  declines  in  fruit,  indicates 
a  moderate  supply  as  compared  to  the 
leaves,  but  a  more  rapid  decline  in  the 
fruit  than  any  other  mineral.  Boron  in- 
creases steadily  as  noted  by  us  (19,  fig. 
2)  and  others  (29,  fig.  6)  and  is  prob- 
ably associated  with  formation  of  sugar. 
Much  more  work  is  needed  to  under- 
stand these  changes  fully,  but  any  prac- 
tice that  reduces  boron  should  be  sus- 
pect. 

If  we  calculate  the  ratios  of  the  differ- 
ent elements  in  the  leaves  and  fruit  on 
a  dry  weight  basis,  we  find,  as  indicated 
in  Table  8,  that  the  one  outstanding 

Table  6.  Leaves/fruit  ratios  of  certain  ele- 
ments in  Baldwins,  August  15,  1955,  tree  F  29 


Calcium 

Manganese 

Magnesium 

Iron 

Boron 

Phosphorus 

Potassium 

Copper 


p. p.m.   dry  weight 

40.9* 
25.5 
7.2 
6.4 
3.3 
2.5 
2.6 
.2 


40.9  times  as  much  in  the  leaves  as  in  the  fruit. 


Table  7.      Comparison  of  mineral  trends  in  fruit  and  leaves  for  the  Stark  variety,  1954,  average 

of  nine  trees,  dry  weight  basis 


K 

Ca 

Mg 

P 

..  Fe 

.  Mn 

B 

% 

% 

% 

% 

% 

% 

p.  p.  m. 

Aug.   17  leaves 

1.14 

.88 

.17 

.18 

.045 

.007 

37 

Aug.   17  fruit 

.71 

.036 

.039 

.06 

.0039 

.0004 

19 

Oct.   1   leaves 

1.28 

1.14 

.14 

.17 

.028 

.007 

38 

Oct.   1   fruit 

.77 

.016 

.031 

.09 

.0048 

.0024 

19 

10 
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Table    8.      Leaves/fruit   ratios    of   certain   ele- 
ments in  Stark  variety,  average  of  nine  trees, 
dry  weight  basis 


August   17 

October  1 

Ca 

24.4 

71.3 

Mn 

17.5 

2.9 

B 

1.9 

2.0 

K 

1.6 

1.7 

Mg 

4.4 

4.5 

P 

3.0 

1.9 

Fe 

11.5 

5.8 

increase  from  August  17  to  October  13 
is  in  calcium.  Contrarywise  from  Table 
5,  it  appears  that  calcium  is  declining 
faster  in  the  fruit  than  other  elements 
analyzed  except  iron  (as  per  Hopkins 
and  Gourley,  23). 

Connection  Between  Ratios 
and  Baldwin  Spot 

From  Tables  5  and  6  it  would  appear 
as  though  certain  elements,  notably  cal- 
cium and  manganese,  are  increasing  in 
the  leaves  at  the  expense  of  the  fruit.  If 
one  wishes  to  combat  the  more  import- 
ant mineral  declines,  as  indicated  in 
Table  5,  it  would  appear  necessary  on 
theoretical  grounds  to  apply  calcium, 
iron,  and  manganese,  in  late  summer — 
probably  as  a  foliar  spray — or  else  pro- 
vide excesses  of  these  chemicals  through 
ground  fertilization  earlier  in  the  sea- 
son. However,  as  pointed  out  by  some 
workers,  K  excesses  may  produce  Mg 
or  B  deficiency.  It  is  also  pertinent  to 
observe  that  fruit  deficiencies  may  not 
be  apparent  from  foliar  analysis  unless 
a  much  higher  level  of  calcium  in 
leaves  is  desired  than  is  commonly  in- 
dicated. Thus,  analysis  of  leaves  from 


the  Burton  orchard  appeared  to  be 
over  the  deficiency  limit  for  calcium 
from  leaf  analysis,  although  high  in 
Baldwin  spot.  It,  therefore,  becomes 
important  to  know  what  ratios  we  have 
on  trees  wich  high  and  low  spot  per- 
centages. Tables  9  and  10  give  figures 
obtained  in  1954. 

Varietal  Influence 

Up  to  1954  analyses  had  shown  that 
calcium  was  almost  always  in  balance  in 
the  Mcintosh.  Hopkins  and  Gourley  re- 
port a  similar  balance  for  the  Stayman 
and  Winesap,  and  as  mentioned  above 
calcium  is  higher  in  the  west  in  Delici- 
ous and  Winesap.  We  can  find  no  report 
of  Baldwin  Spot  in  the  Winesap  variety 
(see  Table  11).  Likewise,  Romes  were 
analyzed  and  both  calcium  and  magnes- 
ium were  nearly  equal.  In  the  varieties 
most  seriously  affected  in  the  east;  name- 
ly, Baldwin  and  Spy,  the  reverse  is  true. 
Magnesium  is  usually  higher  than  cal- 
cium, in  some  cases  two  to  four  times 
as  high. 

Analyses  of  some  of  the  more  import- 
ant varieties  grown  in  Connecticut  are 
given  in  Table  11.  Calculations  could 
have  been  made  here  in  Mg/Ca  or 
Mg  +  K  +  P/Ca  and  would  show  similar 
results,  all  indicating  the  influence  of 
calcium. 

The  Individual  Tree 

It  is  well  known  that  trees  within 
varieties  differ  in  susceptibility  to  Bald- 
win spot.  This  could  be  due  to  variations 
in  rate  of  uptake  of  various  minerals, 
to  location  or  possibly  other  factors.  For 
example  one  tree  in  the  Burton  orchard 
showed    a    marked    difference    from 


Table  9.      Ratio  of  calcium  in  leaves  to  that  in  fruit  on  trees  with  high  and  low  Baldwin  spot, 

August  17,  1954 


Tree  E4  (Burton  Orchard) 
Tree  E18  (Burton  Orchard) 
Tree  1  (Lyman  Orchard)  sprayed 
Tree  5   (Lyman  Orchard)  unsprayed 


Ratio 
Leaves  to  fruit 

Per  cent 
Baldwin  spot 

20   to    1 

3.6 

65   to    1 

61.0 

22   to    1 

0.0 

45  to   1 

39.2 
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branch  to  branch,  without  evidence  of 
bark  injury  which  might  affect  the  flow 
of  sap.  Since  the  fruit  of  different 
branches  varied  greatly  in  appearance, 
samples  from  light  and  heavy  branches 
were  analyzed  separately.  Results  of 
these  analyses  showed  fruit  from 
branches  with  severe  Baldwin  spot  had 
a  dry- weight  ratio  (K  +  Mg/Ca)  of 
55.8  whereas  those  low  in  spot  analyzed 
10.6. 

Influence  of  Crop  Size 

One  of  the  more  outstanding  and 
consistent  differences  in  Baldwin  spot 
percentages  is  in  connection  with  differ- 
ent amounts  of  fruit.  In  order  to  learn 
more  about  what  is  happening  in  min- 
eral contents  of  fruit  and  foliage  com- 
parisons of  leaves  and  fruit  from  heavy- 
and  light-crop  trees  were  made  in  1954 


Table  10.      Correlation  between  calcium  in  the 

leaves  and  fruit  with  the  amount  of  Baldwin 

spof,   1955 


Ca  in  leaves 
divided  by  Ca  in 

.(P-P 

ruit 

.m.) 

(P-P- 

m.) 

Per  cent 
Baldwin  spot 

22.8 

0.0 

24.2 

0.4 

29.8 

17.8 

34.2 

12.1 

37.2 

2.8 

40.9 

17.2 

57.1 

22.4 

63.5 

50.0. 

74.8 

75.0) 

Summa 

ry  by 

groups 

20   -    30 

6.1 

30  -  40 

12.1 

40  -  50 

17.2 

50  -  60 

22.4 

60  -  70 

50.0 

70  -  80 

75.0 

Table    11. 


Variety 


Mineral    ratio,    K      Mg    Co,    in    relation    to    the    variety    and    its    susceptibility    to 

Baldwin   spot 


Year 


K+Mg/Ca 


Prevalence 
(Smock  &  Neubert) 


Prevalence 
in  Connecticut 


Grimes  Golden 

1955 

11 

Medium 

None  seen 

Winesap 

1954 

11 

None 

None 

Opalescent 

1955 

12 

— ■ 

Rare 

Gano 

1954 

12 

Slight 

None 

Golden  Delicious 

1954 

18 

None 

None 

Rome 

1954 

21 

Slight 

None  seen 

Mcintosh 

1953 

28 

Slight 

Slight 

Wagener 

1954 

31 

Slight 

Slight 

Delicious 

1954 

32 

Slight 

Slight 

Baldwin 

1954 

45 

Severe 

Severe 

Spy 

1954 

49 

Severe 

Severe 

Cortland* 

1955 

53 

Severe 

Severe 

*  Cortlands  with  heavy  spot  were  selected.  Probably  not  typical  of  the  variety. 


Table    12.      Effects    of    heavy    and    light    crops    on    magnesium    and    calcium    levels    in    Baldwin: 

fruits,   1955 


Trees 


Crop 


August 


October 


Difference 


Decline  as 

per  cent  of 

August  reading. 


Calcium  in 

p.p.m., 

dry  weight 

G3, 

G5 

heavy 

457 

459 

+  2 

— 

G27 

G31 

light 

313 

214 

-99 

31.6 

Magnesium  ir 

i  p.p.m 

,  dry  weight 

G3, 

G5 

heavy 

633 

514 

-119 

18.8 

G27 

G31 

light 

445 

406 

-39 

8.8 
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Table  13.      Effects  of  heavy  and  light  crops  on  magnesium  and  calcium  in  Baldwin  leaves,  1954 


Trees 

Crop 

September                  October 

Difference 

Increase  as 
per  cent  of  Sep- 
tember reading 

Per  cent  calcium,   dry  weight 

E4,    E28 

heavy 

1.09                  1.46 

.35 

32 

E18,  E20 

light 

.88                    1.05 

Per  cent  magnesium,  dry  weight 

.17 

19 

E4,  E28 

heavy 

.31                     .33 

.03 

10 

E18,  E20 

light 

.29                      .34 

.05 

17 

and  1955.  Results  are  set  forth  in  Tables 
12  and  13.  The  trees  selected  were  from 
Burton  orchard  (E  and  G  rows).  They 
were  first  grouped   into   "heavy"   and 


"light"  crops  and  the  amounts  of  cal- 
cium and  magnesium  were  compared 
(Table  12).  The  Mg/Ca  ratios  were 
then  computed  for  heavy  and  light  crops 


Table   14.      Relation  between  number  of  fruits,  the  Mg/Ca  ratio,  and  the  per  cent  of  fruit  witli 

Baldwin  spot 


Tree 


Year 


Number  of 

fruits 


Mg/Ca  ratio 


Per  cent 
Baldwin  spot 


E4 
E6 
F21 

E34 
E32 

E18 

E24 
E22 
•G19 

F7 

E18 

G9 

£16 

G17 

G33 

E32 
E20 
G27 
E30 
G7 

E28 
E4 
G3 
G5 

G29 


1955 

43 

1.96 

55.8 

1955 

48 

2.37 

75.0 

1955 

51 

3.33 

45.1 

1955 

36 

1.43 

22.2 

1955 

39 

1.69 

17.9 

43 

2.15 

43.2 

1954 

177 

4.22 

61.0 

1955 

177 

1.61 

2.8 

1955 

168 

2.56 

36.9 

1955 

204 

2.39 

37.3 

1955 

234 

2.05 

26.9 

192 

2.56 

33.0 

1955 

446 

2.42 

34.9 

1955 

476 

2.02 

26.8 

1955 

464 

1.81 

12.1 

1955 

471 

1.40 

34.4 

1955 

446 

1.91 

30.2 

461 

1.91 

27.7 

1954 

1243 

2.77 

3.2 

1955 

1014 

1.50 

2.8 

1955 

1817 

2.06 

5.5 

1955 

1155 

1.51 

17.6 

1955 

1671 

1.50 

6.8 

1380 

1.86 

7.1 

1954 

2383 

2.12 

5.3 

1954 

3518 

1.03 

7.3 

1955 

4085 

1.23 

2.7 

1955 

3371 

1.03 

3.0 

1955 

2322 

1.20 

1.6 

3136 

1.12 

4.0 
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(Table  14),  and  finally  trees  were  sel- 
ected for  examination  in  two  different 
years  (Table  15). 

From  Tables  12  and  13  it  appears 
that  calcium  is  declining  faster  in  the 
fruit  of  light-crop  trees  than  in  heavy 
and  that  magnesium  is  declining  faster 
in  the  heavy-crop  trees.  This  would 
tend,  therefore,  to  leave  a  much  more 
unfavorable  balance  in  light-crop  fruit 
than  in  heavy. 

The  leaves,  on  the  other  hand,  are 
increasing  in  calcium  at  a  faster  rate 
than  in  magnesium  but,  contrary  to  ex- 
pectations, somewhat  faster  in  the 
heavy-crop  trees  than  in  the  light.  Com- 
pared with  magnesium,  however,  the 
rate  of  increase  as  indicated  in  Tables 
12  and  13  is  much  greater  than  for  mag- 
nesium, indicating  depletion  of  reserves 
in  the  fruit  and  creating  an  unbalanced 
condition  there.  This  would  support  the 
theory  that  heavy  foliage  in  the  case  of 


light-crop  trees  is  drawing  calcium  from 
the  fruit  more  than  is  encountered  in 
heavy-crop  trees  where  foliage  is  usu- 
ally smaller. 

The  figures  in  Table  14  show  a  gen- 
eral correlation  between  low  and  high 
ratios  and  Baldwin  soot  but  the  correla- 
tion is  not  perfect.  They  indicate  an- 
other factor  which  as  already  stated  may 
be  due  to  individual  tree  variation.  Com- 
parisons of  the  same  trees  in  two  suc- 
cessive years  seem  to  support  this  idea 
(Table  15)  for  they  show  a  more  nearly 
perfect  correlation  between  Mg/Ca 
ratios  and  the  amount  of  Baldwin  spot. 

Influence  of  Nitrogen  and 
Other  Elements 

In  the  Mcintosh  it  has  been  shown 
(18)  that  there  is  a  positive  correlation 
between: 


Table  15.      Comparison  of  calcium  ratios  in  successive  years 


Number  or 

Mg 

K+Mg 

Per  cent 

Tree 

Year 

fruits 

Ca 

Ca 

Baldwin  spot 

E4 

1954 

3496 

1.03 

14 

8.3 

1955 

43 

1.96 

49 

55.8 

E6 

1954 

960 

2.05 

15 

54.8 

1955 

48 

2.37 

17 

75.0 

E8 

1954 

386 

2.72 

56 

55.1 

1955 

667 

2.24 

36 

20.7 

E22 

1954 

2385 

1.94 

44 

51.8 

1955 

168 

2.56 

42 

36.3 

E28 

1954 

2322 

2.12 

33 

25.3 

1955 

599 

1.59 

43 

27.0 

F7 

1954 

464 

3.75 

79 

69.3 

1955 

234 

2.05 

28 

26.9 

F19 

1954 

425 

3.40 

71 

62.5 

1955 

264 

2.17 

47 

21.2 

G23 

1954 

632 

2.62 

52 

45.0 

1955 

1665 

1.91 

41 

14.4 

G29 

1954 

307 

2.27 

52 

42.9 

1955 

2322 

1.20 

20 

1.6 

G33 

1954 

1515 

2.91 

65 

22.8 

1955 

446 

2.18 

48 

20.8 

Significance  of  ratios  P. 

between  .01  and 

.02 

14 
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1 .  The  amount  of  phosphorus  and 
the  amount  of  boron. 

2 .  The  amount  of  magnesium  and 
the  amount  of  phosphorus. 

3.  The  amount  of  magnesium  and 
the  amount  of  boron. 

And  a  negative  correlation  between: 

1.  The  amount   of  calcium   and 
magnesium. 

2.  The   amount   of   calcium  and 
boron. 

In  the  Baldwin  the  same  positive  cor- 
relations are  apparent,  but  not  the  neg- 
ative, except  for  the  differential  levels 
of  calcium  and  magnesium. 

In  regard  to  nitrogen,  our  data  indi- 
cate a  depression  of  phosphorus  from 
high  levels  of  nitrogen  and  a  tendency 
also  to  depress  calcium.  High  levels  of 
potassium  seem  to  depress  boron  (see 
31),  while  high  or  low  levels  of  phos- 
phorus have  no  effect.  There  is  conse- 
quently a  somewhat  different  picture 
between  the  mineral  nutrition  of  Mc- 
intosh and  Baldwins.  Study  of  high  and 
low  levels  of  Ca,  Mg,  and  B  seem  to 
show  they  have  little  or  no  effect  on 
other  minerals  in  Baldwin  fruit.  If, 
then,  high  nitrogen  depresses  phos- 
phorus and  calcium  with  boron  remain- 
ing static — to  correct  this  condition  it 
would  be  desirable  to  add  P,  Ca,  and  B. 
If  at  the  same  time  we  have  high  levels 
of  potassium  it  will  become  advisable 
to  add  boron  again.  The  logical  solution 
here  would  be  to  fortify  the  fertilizer 
with  calcium  phosphate  and  boron.  Cal- 
cium nitrate  would  not  be  quite  as  good 
as  calcium  phosphate  because  of  the 
action  of  nitrogen  and  the  depression 
of  phosphates.  Calcium  nitrate  would 
furthermore  tend  to  increase  potassium 
and  magnesium  in  addition  to  raising 
the  calcium  level  so  an  unfavorable 
ratio,  if  it  existed  before,  might  still  re- 
main. If  there  were  an  only  slightly  un- 
balanced ratio,  however,  the  calcium 
level  would  probably  be  raised  enough 
to  bring  it  in  balance.  This  has  apparent- 
ly occurred  in  several  orchard  tests  in 


Connecticut.  Results  of  1955  analyses 
are  given  in  Table  16. 

Table   16.      Effect  of  high  levels  of  single  nu- 
trient elements  on  the  levels  of  other  elements 
in  the  Baldwin  fruit 


High  levels  of 

N 

P 

K 

Ca 

Mg  Mn 

Fe 

B 

N 

— 

D 

I 

D 

I        I 

I 

u 

P 

D 

— 

I 

I 

I    u 

u 

u 

K 

I 

I 

— 

I 

I    u 

u 

D 

Ca 

I 

I 

I 

— 

I    I 

I 

I 

Mg 

I 

I 

I 

I 

—   I 

I 

I 

B 

D 

I 

I 

I 

I    I 

I 

— 

I=Increase     D=Decrease     U=Unchanged 

From  the  above,  in  summary,  to  cor- 
rect for  changes  following  high  nitro- 
gen levels  it  would  apparently  be  ad- 
visable to  add  phosphorus,  calcium,  and 
boron  to  keep  a  desirable  balance  (for 
Baldwin  fruit  in  this  orchard).  To  cor- 
rect for  high  potassium  it  would  be 
desirable  to  add  boron. 

Cain  and  Boynton  (10)  indicate  that 
there  may  be  the  following  relation  be- 
tween heavy  nitrogen  fertilization  and 
levels  of  other  nutrients  in  leaves:  (1) 
a  decrease  in  potash  and  phosphorus, 
and  (2)  increases  in  calcium,  magnes- 
ium and  total  bases  (Ca  +  Mg  +  K).  Our 
figures  show  a  depression  for  P,  K,  and 
Fe  and  increases  in  Ca,  Mg,  B,  and  Mn. 
High  levels  of  other  elements  produced 
somewhat  confusing  results  though  if 
we  take  one  at  a  time  including  N,  P, 
K,  Ca,  Mg,  and  B  we  find  (1)  a  de- 
crease in  B  from  excess  P  and  vice  versa, 
a  static  condition  for  Fe  with  most  high 
levels  except  N  where  there  is  a  de- 
crease, and  a  static  condition  for  Mn 
except  for  high  Mg  and  N,  where  in- 
creases occurred.  Cain  and  Boynton  fur- 
ther point  out  that  there  are  increases 
in  this  direction  from  a  heavy  crop,  thus 
putting  the  heavy-crop  trees  in  the  same 
category  with  high  nitrogen  fertiliza- 
tion. Increases  in  calcium  and  magnes- 
ium in  the  leaves  of  heavy-crop  trees 
would  not  affect  the  ratio,  though  it  is 
evident  from  analyses  previously  pre- 
sented (Table  12),  that  calcium  leaves 
the  fruit  faster  (presumably  being  taken 
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by  leaves)  in  the  light-crop  trees  than 
in  the  heavy.  Figures  in  Table  12  show 
that  calcium  declines  faster  in  the  fruit 
in  light-crop  years,  but  magnesium 
shows  a  reverse  trend. 

Experiments  to  Produce  and 
Control  Baldwin  Spot 

Injection  experiments 

Theoretically,  if  Baldwin  spot  is  as- 
sociated in  any  way  with  unbalanced 
minerals,  it  should  be  possible  by  injec- 
tion of  fertilizers  directly  into  the  apples 
to  reproduce  the  disease  in  some  meas- 
ure. This  was  attempted  early  in  the 
study,  but  failure  resulted  because  of 
injection  through  the  sides  of  the  fruit 
instead  of  the  calyx.  By  injection 
through  the  calyx  (on  the  tree)  and 
holding  the  fruit  one  month  after  har- 
vest, we  obtained  some  interesting  data 
(Tables  17,  18).  They  show  again  a 
trend  for  increased  symptoms  (resemb- 
ling Baldwin  spot)  from  injections  of 
potassium  nitrate,  magnesium  sulfate, 
or  a  combination  of  the  two.  This  ap- 
pears to  be  in  agreement  with  ground 
applications  of  fertilizers  (Table  19) 
and  dipping  experiments. 

Dipping  experiments 

Whole  branches  of  fruit  and  leaves 
were  dipped  in  concentrated  solutions 
with  similar  results  to  hypodermic  in- 
jection. Thus  41  per  cent  of  the  fruit 
treated  in  this  manner  with  magnesium 
sulfate  plus  potassium  nitrate  was  spot- 
ted, only  2  per  cent  when  treated  with 
magnesium  sulfate  and  calcium  nitrate. 

Field  Experiments,  1953  and  1954 

Injection  and  dipping  experiments 
mentioned  above  were  made  with  fair- 
ly concentrated  mixtures,  (5  and  10 
per  cent)  but  che  difference  between 
the  two  types  of  mixtures  indicated 
that  even  where  the  ratio  between  po- 
tassium and  magnesium  reached  32 
to  1  in  the  solutions,  the  Baldwin  spot 
condition  occurred. 


Table  17.       Effect  of  injecting  various  fertilizers 
directly  into  fruit  on  the  tree 

Baldwin    spot 
Chemical  Number  of    symptoms   produced 

injections*        Number     Per  Cent 

Calcium  salts  26  0  0 

Ammonium  salts  8  0  0 

Potassium  salts  53  5  9 

Magnesium  salts  2  5  5  20 

*   Injections  with  hypodermic  needles  into  core  by 
way  of  the  calyx. 

It  was  decided,  therefore,  to  carry  on 
field  experiments  along  the  lines  ( 1 )  ta 
produce  the  spot,  if  possible,  by  sprays 
and  soil  injection  and  (2)  to  provide 
the  antidote  by  use  of  calcium  nitrate. 
In  1953,  plots  of  Baldwins  consisting 
of  live  trees  each  were  sprayed  with  the 
mixtures  given  in  Table  19.  Again  in 
this  series,  the  treatment  showing  a  de- 
crease of  Baldwin  spot  in  2  out  of  3 
years,  was  the  one  containing  calcium 
nitrate. 

Another  experiment  in  the  Burton 
orchard  consisted  of  spraying  one  entire 
row  of  Baldwins  with  calcium  nitrate,, 
another  with  boric  acid,  and  leaving  a. 
third  as  control  with  no  treatment.  In 
this  experiment  only  the  control  and 
the  row  treated  with  boric  acid  offered 
a  fair  comparison  because  of  differences. 


Table  18.      Effect  of  injecting  various  fertilizers, 
directly  into  fruit  on  the  tree* 

Per  cent  Baldwin 
Fertilizers  spot  symptoms 


KNO, 

MgSO, 

K,SO, 

KCl 

K.HPO, 

(NH,),'SOt 

CaNOa 

CaH.PO, 

KNO.<  +  MgSOt 

KNOa  +  MgSO,  +  Boron  (Borax) 

KN03  +  MgSo,  +  CaHPO,  + Boron 

KNO,+  (NH,),SO» 

CaNO:i  +  CaHPOt 


27 

20 

12 

9 

0 

0 

0 

0 

20 

10 

0 

0 

0 


*  Apples  held  on  the  trees  until  harvest  and  then 
put  in  cold  storage  for  one  month.  Injections  were 
through  the  calyx  end,   into  the  core. 
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Table  19.      Results  of  fertilizer  treatments*  on  the  amount  of  Baldwin  spot 


Plot  no. 


Fertilizer  applied 


Per  cent  Baldwin  spot 
1953  1954  1955 


Magnesium  nitrate  plus  ammonium  sulfate 
Magnesium  nitrate  plus  calcium  nitrate 
Potassium  nitrate  only 
Potassium  nitrate  plus  magnesium  sulfate 


38.4 

7.1 

46.3 

23.6 

13.2 

29.9 

41.8 

6.2 

54.3 

38.5 

24.3 

55.8 

*  Sprayed  on  in  1953  and  1954,  injected  into  the  soil  in  1955. 


in  pruning.  However,  the  trees  sprayed 
with  boric  acid  had  an  average  of  51.2 
per  cent  spot,  no  spray  60. 6  per  cent, 
and  calcium  nitrate  37.9  per  cent,  thus 
further  confirming  the  effect  of  calcium 
salt. 

Table  20.      Examination  of  Stark  apples  in  the 

field    (Barnes    orchard)    sprayed    with    calcium 

nitrate  and  boric  acid 

Average  number  of 
spotted  apples  per  tree* 

Examined  on  October  3 

Sprayed  twice  with  calcium  nitrate       .8 
(1  lb.  to  100  gallons) 

Boric  acid  (l  lb.  to  100  gallons)        3.0 

No  spray  4.6 

Examined  on  October  15 
Sprayed  with  calcium  nitrate  .9 

Sprayed  with  boric  acid  2.4 

No  spray  6.6 

*  Figures  obtained  by  counting  affected  apples  seen 
by  passing  once  completely  around  each  tree. 

A  fourth  experiment  consisted  of 
spraying  large  mature  Baldwin  trees, 
half  of  which  were  treated  with  potas- 
sium nitrate  plus  magnesium  sulfate, 
and  half  with  calcium  nitrate  plus  mag- 
nesium sulfate.  Results  were  inconclu- 


sive though  in  some  trees  there  was  a 
marked  difference  in  favor  of  calcium 
nitrate. 

In  addition,  two  fruit  growers  ap- 
plied calcium  nitrate  in  1954  for  us, 
one  to  Starks,  a  susceptible  variety,  and 
the  other  to  mature  Baldwins.  The 
sprays  were  applied  in  the  Barnes  or- 
chard in  Wallingford  (Table  20)  and 
in  the  Lyman  orchard  in  Middleheld. 
Both  of  these  plots  were  in  locations 
where  Baldwin  spot  has  been  regularly 
severe.  Crops  were  light  to  medium. 

At  the  Lyman  orchard  a  plot  of  sev- 
eral acres  was  sprayed  twice  with  cal- 
cium nitrate  and  Baldwin  spot  estimated 
in  the  same  manner  as  in  the  Barnes  or- 
chard. Here  18  spotted  apples  were  seen 
in  18  trees  examined  among  those 
sprayed  with  calcium  nitrate  (1  per 
tree),  whereas  in  18  unsprayed  trees 
a  total  of  81  spotted  apples  were  count- 
ed, or  4.5  per  tree.  These  experiments 
take  into  account  only  the  surface  spots, 
but  they  are  indications  of  the  effect  of 
calcium  nitrate,  nevertheless. 

There  thus  appeared  to  be  at  the  end 
of  1954  a  very  strong  indication  that 
applications  of  calcium  nitrate  sprayed 
on  the  tree  will  reduce  Baldwin  spot. 


Table  21.      Effect  of  calcium  salt*  treatments  on  the  amount  of  Baldwin  spot,  1955 


Number  of  apples 
per  tree 

Treated  with 
calcium  salts 
Per  cent  spot 

Untreated 
Per  cent  spot 

Difference 

50  or  less 

19.3 

29.6 

+  10.3 

100—200 

2.8 

36.9 

+  34.1 

400—600 

16.2 

27.2 

+  11.0 

650—850 

10.1 

46.9 

+  36.8 

1000—1700 

10.4 

44.6 

+  34.2 

*  Calcium  nitrate  and  calcium  phosphate. 
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Table  22.      Ratios  of  Mg/Ca  in  apples  treated  with  calcium  salts  compared  with  untreated,  1955 


Orchard 


Salts  applied 


Ratio 
(Mg/Ca) 


Burton,  Row  E 
Burton,  Row  E 

Burton,  Row  F 
Burton,  Row  F 

Burton,  Row  G 
Burton,  Row  G 

Dwarf  orchard 
Dwarf  orchard 

Lyman  orchard 
Lyman  orchard 


Calcium  nitrate 
None 

Calcium  nitrate,  calcium  phosphate 
None 

Calcium  phosphate 
None 

Calcium  nitrate,  calcium  phosphate 
None 

Calcium  nitrate,  calcium  phosphate 
None 


1.51 
1.88 

1.58 
1.82 

1.29 
1.64 

1.76 
3.08 

1.32 
1.57 


Note:  Treatment  in  all  the  above  was  by  injection  gun  which  places  the  solution  12  to  18  inches  below 
the  surface  of  the  soil.  Trees  compared  had  10-10-10  fertilizer  at  40  lbs.  per  tree.  Injected  trees  received 
two  applications  of  calcium  nitrate,  5  and  10  lbs.  in  100  gals.  Fifty  gallons  per  tree,  or  5  and  10  lbs. 
calcium  nitrate,  on  row  E.  Calcium  nitrate  5  lbs.,  calcium  monophosphate  10  lbs.  and  the  reverse  10  and 
5  lbs.  50  gals,  per  tree  on  row  F:   5  and  10/100  calcium  phosphate  50  gals,  per  tree  on  row  G. 


Experiments  in  1  955 

In  1955  our  methods  were  altered. 
Instead  of  sprays,  an  injection  gun  was 
used  to  place  fertilizer  12  to  18  inches 
below  the  sod  level.  A  similar  experi- 
ment was  started  in  the  Lyman  Spy  or- 
chard at  Middlefield.  In  both  experi- 
ments results  were  much  the  same  al- 
though the  amount  of  Baldwin  spot  was 
low  in  the  Lyman  orchard  because  of 
1954  treatments.  The  reduction  in  the 
Burton  orchard  was  correlated  definitely 
with  the  number  of  fruits  and  individ- 
ual tree  variation  as  already  explained. 
Results  given  in  Tables  21  and  22  seem 
to  confirm  previous  experiments  on  the 
favorable  effect  of  calcium  in  reducing 
the  amount  of  Baldwin  spot. 

Discussion 

By  way  of  summary  a  short  discussion 
of  the  observed  factors  that  increase 
Baldwin  spot  and  the  connection  with 
mineral  deficiencies  may  be  in  order. 

1.  Ringing  the  branches  apparently 
promotes  larger  leaves  and  the  leaves 
appear  to  require  quantities  of  calcium, 
keeping  it  from  the  fruit  or  taking  it 
from  the  fruit  and  leaving  a  deficiency 
which  affects  Baldwin  spot. 

2.  Heavy  nitrogen  fertilization  pro- 
duces an  excess  of  foliage  over  fruit 


with  the  resultant  depletion  of  calcium 
in  the  fruit  because  of  excessive  foliage 
demands.  High  nitrogen  results  in  in- 
creased potassium  and  magnesium  in 
Baldwin  fruit  but  does  not  alter  calcium; 
hence  the  unbalanced  ratio. 

3.  Heavy  pruning  produces  the  same 
result  as  in  2,  above,  namely  an  excess 
of  leaves  in  proportion  to  fruit  with  the 
same  depletion  of  calcium  in  the  fruit. 

4.  Irrigation  with  added  magnesium 
salts  evidently  increased  magnesium  to 
a  point  where  there  was  no  longer  pro- 
tective action  from  calcium. 

5.  Stripping  off  the  leaves  reduces 
the  depletion  of  calcium  because  there 
is  less  foliage  in  proportion  to  fruit  to 
demand  calcium. 

6.  By  choosing  the  correct  picking 
date  it  is  assumed  that  a  date  when  cal- 
cium is  high  would  be  selected.  Ap- 
parently this  differs  in  different  parts  of 
the  United  States.  Thinned  fruit  kept 
in  storage  was  low  in  Baldwin  spot  in 
1954  presumably  because  of  a  favorable 
ratio  which  occurred  at  that  time. 

7.  The  varieties  differ  widely  in  the 
amounts  of  calcium  contained  in  the 
fruit.  From  our  work  those  having  low 
Baldwin  spot  generally  have  a  high 
ratio  of  calcium  to  other  elements  and 
vice  versa. 
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Conclusions 

From  studies  so  far  it  is  believed  that 
unbalanced  mineral  ratios  have  a  pro- 
found effect  on  stippin  or  Baldwin  spot 
In  Connecticut.  It  would  appear  that  the 
critical  element  is  calcium  and  the  un- 
balanced condition  lies  between  calcium 
and  magnesium;  or  calcium  and  mag- 
nesium plus  potassium.  There  is  also  a 
<definite  connection  between  the  amount 
-of  spot  and  the  leaf/fruit  calcium  ratio. 

Efforts  to  cure  the  trouble  have  been 
partly  successful  through  application  of 
calcium  salts  both  as  sprays,  and  in- 
jected into  the  soil.  Much  more  needs  to 
be  done  especially  with  trees  of  unusual 
susceptibility.  The  influence  of  excess 
nitrogen  can  easily  prevent  a  favorable 
balance  through  promotion  of  increased 
potassium  and  magnesium  in  the  fruit. 

Observations  in  general  confirm  those 


made  earlier  by  others,  namely:  low 
spot  with  heavy  yields,  high  spot  with 
heavy  nitrogen  fertilization  and  heavy 
pruning. 

So  far  we  have  not  been  able  to  con- 
nect boron  with  Baldwin  spot  through 
experiment,  though  grower  experience 
indicates  that  there  may  still  be  some 
relation.  Boron  is  increased  in  the  leaves 
by  heavy  nitrogen  fertilization,  which 
may  mean  that  it  is  prevented  from 
reaching  the  fruit  in  needed  quantities 
during  the  ripening  process.  It  is  evi- 
dent, too,  from  Table  16  that  high  po- 
tassium decreases  boron  in  the  fruit  and 
high  phosphorus  and  nitrogen  leave  it 
unchanged.  Also,  the  fact  that  boron 
increases  steadily  in  the  fruit  in  late 
season  in  contrast  with  other  elements 
point  to  it  as  very  important  in  apple 
nutrition.  Further  study  of  this  phase 
is  needed. 


Bibliography 


1.  Allen,  F.  W.  Maturity  and  rate  of 
ripening  of  Gravenstein  apples  in  rela- 
tion to  bitter  pit  development.  Am. 
Hort.  Sci.  Proc.  28:  639-645  (1931) 
1932. 

2.  Aso,  K.  The  influence  of  a  certain 
ratio  between  lime  and  magnesia  on  the 
growth  of  the  mulberry  tree.  Bull.  Col. 
Agr.  Tokyo  Imp.  Univ.  5:  495-499. 
1903  (E.  Sr.  14,  p.  14). 

3.  Bernardini,  L.,  and  Siniscalci,  A. 
Concerning  the  influence  of  various  re- 
lations between  lime  and  magnesia  on 
the  development  of  plants.  Ann.  R. 
Scuola  Sup.  Agr.  Portici  2:  19.  1908 
(E.  Sr.  22  p.  433). 

4.  Batjer,  L.  P.,  and  Rogers,  B.  L. 
Fertilizer  application  as  related  to  nitro- 
gen, phosphorus,  potassium,  calcium 
and  magnesium  utilization  by  apple 
trees.  Proc.  Am.  Soc.  Hort.  Sci.  Vol.  60 
pp.   1-6,   1952.  Calcium  used  by  apple 


trees  in  the  greatest  quantites  followed 
by  potassium,  nitrogen,  magnesium  and 
phosphorus. 

5.  Boynton,  Damon.  (Magnesium  de- 
ficiency limits)  Soil  Science  63,  53-58. 
1947. 

6.  Boynton,  D.,  and  Compton,  O.  C. 
The  influence  of  differential  fertilization 
on  the  chemical  composition  of  Mcin- 
tosh leaves.  Proc.  Am.  Soc.  Hort.  Sci. 
45:  pp.  9-17.  1944.  Direct  relation  be- 
tween the  amount  of  nitrogen  and 
amount  of  magnesium.  Inverse  between 
nitrogen  and  potassium.  Inverse  be- 
tween nitrogen  and  phosphorus. 

7.  Boynton,  D.,  Cain,  J.  C,  and  Van 
Gelmor,  John.  Incipient  deficiencies 
in  New  York  apple  orchards.  Proc.  Am. 
Hort.  Sci.  42:  pp.  95-100.  1943. 

8.  Brooks,  Charles,  and  Fisher,  D.  F. 
Irrigation  experiments  on  apple  spot 
diseases.  Jour.  Agr.  Research  XII,  no. 
3;  pp.  109-137.  1918. 


Mineral  Balance  as  Related  to  Baldwin  Spot 


19 


9.  Batter,  Sir  E.  J.,  and  Jones,  S.  G. 
Plant  Pathology.  London-MacMillan  Co. 
1949-  Discussion  of  bitter  pit,  pp.  746- 
749. 

10.  Cain,  J.  C,  and  Boynton,  D.  Some 
effects  of  season,  fruit  crop  and  nitrogen 
fertilization  on  the  mineral  composition 
of  Mcintosh  apple  leaves.  Proc.  Amer. 
Soc.  Hort.  Sci.  51:  13-22.  1948. 

11.  Carne,  W.  M.  A  preliminary  note  on 
a  theory  as  to  the  origin  of  bitter  pit  in 
apples.  Rev.  Appl.  Mycology.  7:  102. 
1928. 

12.  Carne,  W.  M.,  Pitman,  H.  A.,  and 
Elliot,  H.  G.     Studies  concerning  the 

so-called  bitter  pit  of  apples  in  Australia. 
Council  Sci.  and  Indus.  Research  (Aus- 
tralia) Bull.  41:  1-101.  1929. 

13.  Crafts,  A.  S.,  Currier,  H.  B.,  and 
Stocking,  C.  R.  Water  in  the  psysi- 
ology  of  plants.  Chronica  Botanica  Co. 
1949. 

14.  Curtis,  Otis  F.  Translocation  of  sol- 
utes in  plants  pp.  1-273.  1935.  p.  58. 
"This  evidence  though  not  very  con- 
clusive tends  to  support  the  suggestion 
that  water  and  mineral  salts  move  inde- 
pendently from  the  roots  to  the  leaves." 

15.  Emmert,  Fred  H.  The  influence  of 
variety,  tree  age  and  mulch  on  the  nu- 
tritional composition  of  apple  leaves. 
Proc.  Am.  Hort.  Sci.  Vol.  64:  pp.  9-14. 
1954. 


16. 


17. 


The    soluble    and    total 

phosphorus,  calcium  and  magnesium  of 
apple  leaves  as  affected  by  time  and 
place  of  sampling.  Proc.  Am.  Hort.  Sci. 
Vol.  64:  pp.  1-8.  1954. 

Foliar     analysis     results. 


Storrs  Agr.  Exp.  Sta.  Bull.  317.  1955. 


18.  Evans,  I.  B.  Pole.  Bitter  pit  of  the 
apple.  South  Africa  Agr.  Dept.  Tech. 
Bull.  2.  1911. 

19.  Garman,  P.,  Kierstead,  L.  G.,  and 
Mathis,  W.  T.  Quality  of  apples  as 
affected  by  sprays.  Conn.  Agr.  Expt. 
Sta.  Bull.  576.  1953. 

20.  Goodall,  D.  W.,  and  Gregory,  F.  G. 
Chemical  composition  of  plants  as  an 
index  of  their  nutritional  status.  Imp. 
Bur.  Hort.  and  Plant.  Crops  Tech.  Bull, 
no.  17.  1947. 

21.  Gourley,  J.  H.,  and  Howlett,  F.  S. 
Modern  Fruit  Production.  MacMillan 
Co.  1941. 


22.  Heinicke,  A.  J.,  Reuther,  W.,  and 
Cain,  J.  C.  Influence  of  boron  applica- 
tion on  preharvest  drop  of  Mcintosh 
apples.  Proc.  Am.  Soc.  Hort.  Sci.  40, 
31-34.  1942. 

23.  Hopkins,  E.  F.,  and  Gourley,  J.  H. 
A  study  of  ash  constituents  of  apple 
fruits  during  the  growing  season.  Ohio 
Agr.  Expt.  Sta.  Bull.  519-  1933. 

24.  Horsfall,  J.  G.  Fungicides  and  their 
action.  Chronica  Botanica  Co.   1945. 

25.  Kenworthy,  A.  L.  Nutrient-element 
composition  of  leaves  from  fruit  trees. 
Proc.  Am.  Soc.  Hort.  Sci.  55:  41-46. 
1950. 

26.  Krause,  W.  G.  C.  Commercial  Grower 
2984:  465-466.  March  5,  1953. 

27.  Latimer,  L.  P.,  and  Percival,  G.  P. 
Effect  of  fertilizing  elements  on  apples. 
New  Hampshire  Agr.  Expt.  Sta.  Bull. 
345  pp.  41-42  1942. 

28.  Mulder,  D.  Meddelingen  11:  pp.  5, 
315-319.  1948.  And  14:  pp.  20-27. 
1951. 

29.  Rogers,  B.  L.,  and  Batter,  L.  P. 
Seasonal  trends  of  six  nutrient  elements 
in  the  flesh  of  Winesap  and  Delicious 
apple  fruits.  Proc.  Am.  Soc.  Hort.  Sci. 
63:  pp.  67-73.  1954. 

30.  Roach,  W.  A.  The  injection  of  indi- 
vidual branches  of  a  tree  independent  of 
each  other.  East  Mailing  Research  Sta. 
Ann.  Report  43  (1936.  160-166)  1937. 

31.  Rose,  D.  H.,  Brooks,  Charles,  and 
Fisher,  D.  F.  Market  diseases  of  fruits 
and  vegetables,  apples,  pears  and  quin- 
ces. USDA  Misc.  Publ.  168.  1933. 

32.  Stuivenberg,  J.  H.  M.,  and  Pouwer, 
A.  Investigation  into  the  control  of 
bitter  pit  in  apples  (var.  Notaris).  Eng- 
lish translation  of  title  and  English 
summary.  In  Medelingen  Jaargang  13, 
April  1950  pp.  201-211. 

33.  Smock,  R.  M.,  and  Neubert,  A.  M. 
Apples  and  apple  products  Vol.  II.  New 
York-London  1950.  Interscience  Pub- 
lishers. 

34.    Studies   in   bitter  pit  of 

the  apple.  Cornell  Univ.  Agr.  Exp.  Sta. 
Memoir  234.  1941. 

35.  Wallace,  T.,  and  Jones,  J.  O.  Boron 
in  relation  to  bitter  pit  in  apples.  Jour. 
Pomol.  and  Hort.  Science  18:  161-176. 
1940. 


